MOL #31559
1995), which was transformed into a uracil auxotrophic fcy2-strain of S. cerevisiae, MG887-1 and selected on uracil-free medium, as described (Burchmore et al., 2003) .
Transformed yeast was plated onto yeast nitrogen base without ammonium salts and amino acids, supplemented with 4 mM hypoxanthine or 1 mM adenosine as the sole nitrogen source. Purine transport in (transformed) yeast was performed with cells grown in complete minimal medium without uracil, to a density of 1.5-2 OD 600 units, as described previously for S. cerevisiae (Burchmore et al., 2003) and T. b. brucei (Wallace et al., 2002) . The method utilizes an incubation of ~10 7 cells with an equal volume of buffer containing radiolabeled permeant and (where indicated) an inhibitor at appropriate concentrations. Incubations are stopped by the addition of excess volume ice-cold unlabelled permeant at saturating concentrations and immediate centrifugation, separating the cells from radiolabel by pelleting them under an oil layer. Zero uptake values were determined in the presence of 1 mM unlabelled permeant at 0°C and subtracted to yield mediated uptake.
Isolation and staining of short-stumpy bloodstream forms
Adult female mice (ICR Swiss strain) were immunocompromised with cyclophosphamide (200 mg/kg) by intraperitoneal injection. After 24 h, mice were inoculated i.p. with ∼1 × 10 6 of Trypanosoma brucei strain 927 bloodstream forms.
The blood was collected from the mice after 9 days. Using air-dried blood smear slides for routine Giemsa staining and NAD Diaphorase assay (see below), the levels of stumpy form trypanosomes were assessed microscopically. The remainder of the blood was centrifuged at 2500 × g for 15 minutes and trypanosomes from the buffy coat layer were purified by DE52 chromatography as described (Wallace et al., 2002) .
MOL #31559
First strand cDNA synthesis was performed using a SuperScript™ II Reverse Transcriptase (RT) (Invitrogen) according to the manufacturer's instructions. Control tubes were treated exactly in the same way but without adding the SuperScript II RT enzyme. Samples of the resulting cDNA and control samples were stored at -20 °C until used in RT-PCR with primers to amplify AT-B, AT-D and TbNBT1. Purity and integrity of the RNA was verified using an Agilent 2100 Bioanalyzer (Agilent Biotechnologies).
Data analysis
The Prism 3 software package (GraphPad, San Diego, CA) was used to calculate the kinetic parameters, given as mean and S.E, using non-linear regression. Ki inhibition constants and Gibbs free energy of interaction ∆G 0 were calculated as described (De Koning and Jarvis, 1999; Wallace et al., 2002) . Errors given in tables and shown as bars in graphs are standard errors. In transport experiments slopes were calculated by linear regression and determined to be significantly different from zero or not using an F-test calculated by the Prism 3 software.
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This article has not been copyedited and formatted. The final version may differ from this version. et al., 1999) . These ORFs were provisionally named AT-A through
AT-E. AT-B and AT-D appear to belong to a phylogenetic subgroup with the P1-type nucleoside transporters, TbNT2 through NT7, and purine nucleoside transporters from
Crithidia fasciculata and Leishmania donovani (De Koning et al., 2005) . Hydropathy AT-B has since been independently reported as NT10 by Sanchez et al. (2004) and the AT-D sequence has also been identified as a potential ENT family homologue by Landfear et al. (2004) and named NT9, we will from here on refer to them as NT9/AT-D and NT10/AT-B, respectively. The two transporters were amplified by PCR and cloned into the vector pGEM-T Easy (Promega) as described in the Experimental procedures section, and subcloned into the yeast expression vector pDR195 as described (Burchmore et al., 2003) . Orientation and integrity of the
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This article has not been copyedited and formatted. The final version may differ from this version. construct was verified using an appropriate series of restriction digests, after which the constructs were subsequently transformed into the Saccharomyces cerevisiae strain MG887.1 (Burchmore et al., 2003) .
Expression of NT9/AT-D and NT10/AT-B during the trypanosome life cycle.
In order to assess expression of NT9/AT-D and NT10/AT-B in the various T. brucei life cycle stages, RT-PCR was performed on mRNA isolated from cultured procyclic forms (PC, s927), cultured long-slender forms (LS, EATRO 427 monomorphic strain) and short-stumpy bloodstream forms (SS, s927 pleomorphic strain) isolated from infected mice at peak parasitaemia. The nucleobase transporter gene TbNBT1 served as positive control as it is known to be expressed in PC and LS forms (Burchmore et al., 2003) . PCR products of the predicted size for NT9/AT-D, NT10/AT-B and TbNBT1 were identified from mRNA of PC trypanosomes (Fig. 1A) , whereas only the TbNBT1 product was amplified from LS mRNA (Fig. 1B) . The presence of a high proportion of SS in the infected blood preparation was confirmed using the NAD diaphorase assay (Vickerman, 1985) . 100% of procyclics were stained in this assay and well over 80% of parasites in the SS preparation (see fig. 2 of on-line only supplementary material). As the LS trypanosomes do not express NT9 or NT10, any product amplified with NT9 or NT10 primers must be derived from SS. Only NT10/AT-B and TbNBT1 expression was detected in this preparation (Fig. 1C) . tubercidin (7-deazaadenosine) (Fig. 7B ). Any contribution of N1 to adenosine binding was found to be small: 1-deazaadenosine displayed a K i value of 0.21 ± 0.07 µM, which was not statistically different from the adenosine K m . The calculated δ(∆G 0 ) for 1-deazaadenosine was 2.9 kJ/mol, possibly attributable to a weakening of the N3 Hbond acceptor in 1-deazaadenosine, rather than disruption of a weak H-bond at N1
Characterization of NT10/AT-B by heterologous expression in
itself. In contrast, the 6-position amine group appeared to make a major contribution, with nebularine (purine riboside) and 6-chloropurine riboside displaying significantly higher K i values (P<0.02 and P<0.01, respectively) than the adenosine K m (Fig. 7B ), resulting in δ(∆G 0 ) values of 10.5 and 13.5 kJ/mol. It is possible that the partial negative charge of the chloride residue in 6-chloroadenosine has an energetically negative effect on the binding energy, as the 6-amine group presumably functions as a H-bond donor to a partially negative charge in the binding pocket. kJ/mol, which is within 3% of the ∆G 0 calculated from the adenosine K m (Table 2) .
It could further be noted from the results listed in Table 2 We now report the cloning and characterization of an ENT nucleoside transporter with a uniquely high affinity for adenosine and the elucidation of the mechanism of binding responsible for this phenomenon.
Biochemical basis of unique substrate-binding profile by NT9/AT-D.
We found that NT9/AT-D, when expressed in S. cerevisiae, displayed an extraordinarily high affinity for adenosine and 2'-deoxyadenosine. The authors are not aware of any other nucleoside transporter with as high an affinity for its substrate(s).
It also displays 40-fold lower affinity for inosine, which sets it apart in the P1-class of MOL #31559 upregulated as a result of purine-depleted conditions (De Koning et al., 2000) . Similar upregulation of purine salvage proteins has been demonstrated in several other kinetoplastids (Gero et al., 1997; Seyfang and Landfear, 1999; Liu et al., 2005) .
We were unable to definitively identify the second P1-type transport activity 
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